Objective: This study determined the efficacy and safety of sertraline in the treatment of patients with panic disorder. Method: The study was a randomized, double-blind, parallelgroup, flexible-dose comparison of sertraline and placebo in outpatients with a DSM-III-R diagnosis of panic disorder with or without agoraphobia. After a 2-week single-blind placebo lead-in, 168 patients entered a 10-week double-blind phase in which they were randomly assigned to treatment with either sertraline or placebo. Results: Sertraline was significantly more effective than placebo in decreasing the number of full and limited-symptom panic attacks. Among patients who completed the study, the mean number of panic attacks per week dropped by 88% in the sertraline-treated patients and 53% in the placebo-treated patients. Sertraline-treated patients also had significantly more improvement than placebotreated patients in scores on the Quality of Life Enjoyment and Satisfaction Questionnaire, patient global evaluation, and Clinical Global Impression severity of illness and global improvement scales. Overall, patients tolerated sertraline well, and only 9% terminated treatment because of side effects. Conclusions: Sertraline is an effective and well-tolerated treatment for patients with panic disorder.
Tricyclic antidepressants, monoamine oxidase (MAO) inhibitors, and benzodiazepines have demonstrated efficacy in the treatment of panic disorder (1) . The selective serotonin reuptake inhibitors (SSRIs) have a pharmacologic profile that offers potential advantages in treating patients with panic disorder. Tricyclic antidepressants are frequently not tolerated in panic patients because of anticholinergic side effects, "jitteriness syndrome" in the first few weeks of treatment (2) , and weight gain with long-term administration (3) . MAO inhibitors marketed in the United States require dietary restrictions and have a high rate of nighttime insomnia and daytime lethargy (1) . Benzodiazepines have sedative and psychomotor side effects and substantial dependence and withdrawal liability, and significant rebound is observed even after 8 weeks of acute treatment (4) . SSRIs have few of these potential adverse effects.
A consensus panel of experts (5) has recommended an SSRI as the first-line pharmacologic treatment for panic disorder, despite the fact that few placebo-controlled studies demonstrating efficacy for SSRIs have been reported to date. Four small trials of fluvoxamine (6) (7) (8) (9) demonstrated that fluvoxamine is superior to placebo. Two larger placebo-controlled trials of paroxetine demonstrated efficacy (10, 11) , but in one of these (10) , patients received both paroxetine and cognitive therapy. To our knowledge, there have been no positive reports of placebo-controlled trials of other SSRIs for the treatment of panic disorder to date.
The SSRI sertraline has demonstrated efficacy in the treatment of depression (12) and obsessive-compulsive disorder (13) , but so far published information on treating panic disorder with sertraline has been limited to case reports (14, 15) . We report here the results from a large, multicenter, placebo-controlled study designed to assess the efficacy of sertraline in the treatment of panic disorder.
METHOD
The study was a double-blind, randomized, parallel-group, flexible-dose comparison of sertraline and placebo in outpatients with DSM-III-R panic disorder, with or without agoraphobia. After a 2-week single-blind placebo lead-in, patients entered a 10-week double-blind phase in which they were randomly assigned to treatment with either sertraline (25 mg/day for 1 week then flexible titration to between 50 and 200 mg/day) or placebo. As the study was designed to assess pharmacologic treatment of panic disorder, con-SERTRALINE IN PANIC DISORDER current psychotherapy, including behavioral therapy, was not allowed during the study.
Patients
The study was conducted at 10 sites. Patient recruitment at each site was performed in accordance with the procedures of each site's institutional review board. After a thorough description of the study to potential subjects, written informed consent was obtained. The study group consisted of male and female outpatients who were 18 years of age or older and met the DSM-III-R criteria for panic disorder, as assessed with the Structured Clinical Interview for DSM-III-R-Patient Version, part I (16) .
Subjects were required to have a minimum of four panic attacks, at least one of which was unanticipated, during the 4 weeks before day 1 of the placebo lead-in and at least three, but no more than 100, DSM-III-R-defined panic attacks during the 2-week single-blind lead-in phase. In addition, subjects had to have total scores of 18 or higher on the Hamilton Anxiety Rating Scale (17) and 17 or lower on the 21-item Hamilton Depression Rating Scale (18) at the baseline randomization visit. Patients with current DSM-III-R major depression, organic mental disorders, bipolar disorder, obsessive-compulsive disorder, schizophrenia, or other psychotic disorder were excluded from the trial, as were those with a principal diagnosis of DSM-III-R dysthymic disorder, any anxiety disorder other than panic disorder, or a personality disorder. Psychoactive substance use disorder within the past 6 months and a lifetime history of schizophrenia or other psychotic disorder were other reasons for exclusion.
Subjects were required to stop taking all psychotropic medication, with the exception of chloral hydrate for sleep, before study entry. They were excluded if they had received regular daily therapy with any benzodiazepine within 1 month before the first medication dose in the double-blind phase or had a positive urine screen for benzodiazepines or a positive serum screen for alprazolam on either day 1 or 8 of the placebo lead-in period. Patients with any medical conditions deemed to be clinically significant were excluded; women of childbearing potential were required to use an effective means of birth control.
Dose and Administration
All patients received a single placebo tablet daily, identical in appearance to the 25-mg sertraline tablet, during the 2-week singleblind placebo lead-in. During the double-blind phase, the patients randomly assigned to sertraline took 25 mg of sertraline daily for the first week and 50 mg for the second week. After this, the daily dose was increased by 50 mg each week for patients who had not yet achieved a satisfactory clinical response. Any dose increase depended on the absence of dose-limiting side effects. The maximal daily dose was 200 mg; patients who responded well to less than the maximal dose continued with this dose for the remainder of the study. The patients took their medication once daily with the evening meal. The dose could be decreased at any time because of adverse events. The patients randomly assigned to placebo during the double-blind phase took a corresponding number of matching placebo tablets.
Study Procedures
During the double-blind phase, the patients were evaluated weekly for 4 weeks, then every 2 weeks for three more visits. Each patient maintained a daily diary of symptoms; this information was converted into weekly ratings on the Panic and Anticipatory Anxiety Scale (19) of D.V. Sheehan. In the patient diary, "panic attacks" were defined by four or more and "limited-symptom attacks" by one to three of the criterion C panic disorder symptoms in DSM-III-R. Daily each patient recorded 1) the number of panic and limitedsymptom attacks and 2) the duration of the anticipatory anxiety regarding having an attack. Panic attacks and limited-symptom attacks were categorized as unexpected (no cause) or situational (with cause). At each study visit during the double-blind phase the patients also completed a self-evaluation of their improvement, using the anchors of the Clinical Global Impression (CGI) (20) improvement scale. At the beginning and end of the double-blind phase they also completed the Quality of Life Enjoyment and Satisfaction Questionnaire (21) , a validated quality of life scale. At each visit, clinicians assessed the patients with the following instruments: the Multicenter Panic Anxiety Scale (22), the Hamilton Anxiety Rating Scale, and the CGI severity of illness and global improvement scales (the global improvement scale was not completed at baseline). The Multicenter Panic Anxiety Scale assesses five aspects of panic disorder (frequency of attacks, degree of distress during attacks, anticipatory anxiety, phobic avoidance of situations, and impairment/interference with work functioning); each aspect is rated by using a 5-point scale (0 represents "none" or "not present"; 4 indicates "extreme frequency," "distress," "worry," "avoidance," or "impairment"). The CGI improvement scales were used to rate global improvement and also improvement in five discrete panic disorder symptom domains: panic attacks, anticipatory anxiety, phobic avoidance, social/family functioning, and occupational functioning.
Physical examinations were done at the beginning and end of the study; blood pressure, heart rate, and body weight were assessed at each visit. The following tests were performed at the beginning of the placebo lead-in and at the end of weeks 2 and 10 of the doubleblind period: ECG, complete blood cell count with differential and platelet counts, chemistry screen, urinalysis, and testing of serum beta human chorionic gonadotropin for pregnancy in women of childbearing potential.
In addition, T3 uptake ratio and T4 were measured at day 1 of the placebo washout. A serum alprazolam screen and a urine drug screen (for benzodiazepines or drugs of abuse) were done on day 1 and day 8 of the placebo lead-in and at the end of weeks 2 and 10 of the double-blind period. Adverse events during treatment were documented by observation and open interview.
Statistical Procedures
The safety analyses included all patients who took at least one dose of medication during the double-blind phase and provided any follow-up data; patients included in the safety analysis who had baseline and postrandomization efficacy data were included in the efficacy analyses. All statistical tests were two-sided.
Baseline characteristics. The two treatment groups' ages, weights, Hamilton depression scores, and durations of illness at the end of the placebo washout period were compared by using analyses of variance (ANOVAs) with terms for center and treatment group. Chisquare tests were used to compare sex and race.
Efficacy. The primary efficacy variable was the total number of panic attacks per week as rated with the Panic and Anticipatory Anxiety Scale; two other measures from this scale were the total number of limited-symptom attacks per week and the duration of anticipatory anxiety per week. The measures from the Panic and Anticipatory Anxiety Scale were analyzed weekly and at endpoint (the last observation carried forward) with ANOVAs. For the analyses of these endpoint measures, the averages for the last 2 weeks were used; if week 1 data only were collected, those data were used. The model for the analyses of the number of panic attacks and limited-symptom attacks and the percentage of time with anticipatory anxiety included terms for treatment group, center, and treatment-by-center interaction, with baseline values used as covariates. Because these variables were not normally distributed, they were logarithmically transformed for the purposes of statistical analysis. These tests were done at the 0.05 level of significance.
A number of secondary efficacy measures were analyzed. For these variables, statistical significance was declared if the p value was 0.01 or less to adjust for multiple comparisons. For these secondary measures, the two treatment groups' changes from baseline in scores on the Multicenter Panic Anxiety Scale, Hamilton anxiety scale, CGI severity rating, and Quality of Life Enjoyment and Satisfaction Questionnaire were compared by using ANOVAs with treatment, center, treatment-by-center interaction, and baseline effects. The CGI improvement ratings (both patient-and clinician-rated versions) were analyzed with the same model but with the baseline values excluded.
Adverse events. If a patient reported multiple episodes of the same adverse event, the event was counted only once in the compu-POHL, WOLKOW, AND CLARY tation of incidence rates of adverse events; the severity assigned to the event was the highest level of severity recorded for the episodes. Fisher's exact test was used to compare the sertraline-and placebotreated groups on 1) the rates of patients with any adverse experience and of individual adverse experiences, 2) the number of patients who discontinued treatment because of adverse experiences, and 3) the incidence of clinically significant laboratory abnormalities. Mean changes in vital sign measures and body weight from the end of the placebo lead-in to the end of week 10 (or patient discontinuation) in the sertraline-and placebo-treated groups were compared by using the Wilcoxon rank sum test.
RESULTS

Demographic Characteristics
During the double-blind phase, 168 patients were administered medication; 88 received placebo, and 80 received sertraline. For one patient taking placebo and one patient taking sertraline, follow-up efficacy data were not available. Thus, the efficacy analyses included 166 patients, 87 of whom were treated with placebo and 79 with sertraline.
The patients randomly assigned to sertraline and placebo did not differ on baseline demographic features (sex, racial background, and age), clinical characteristics (duration of illness, weekly numbers of panic and limited-symptom attacks, extent of anticipatory anxiety, and scores on the Multicenter Panic Anxiety Scale, Hamilton anxiety scale, CGI severity rating, and Hamilton depression scale), or social functioning as measured by the Quality of Life Enjoyment and Satisfaction Questionnaire. Overall, 57% of the patients were female (96 of 168), 88% were white (147 of 168), and they had a mean age of 37.5 years (SD= 11.5). The mean lengths of illness were 9.5 years (SD= 10.1) and 8.6 years (SD=8.2), respectively, for those receiving sertraline and placebo. At baseline, their overall symptoms were of moderate to marked severity; the mean CGI severity score was 4.3 (SD=0.7) for the patients taking sertraline and 4.3 (SD=0.6) for those taking placebo. They were experiencing frequent panic attacks: a mean of 6.4 (SD=7.1) and 5.2 (SD=5.7) panic attacks per week for the sertraline and placebo groups, respectively; the corresponding numbers of limitedsymptom attacks were 9.2 (SD=9.7) and 7.2 (SD=7.3), respectively. In addition to their symptoms during attacks, at baseline the patients spent a mean of 31% of their time (SD=26%) worrying about having another attack. At baseline, 48 of the sertraline-treated and 51 of the placebo-treated patients met the DSM-III-R criteria for agoraphobia in addition to panic disorder. In contrast to their substantial anxiety symptoms, the patients had little depression: their mean scores on the Hamilton Depression Rating Scale were 10.9 (SD=4.2) for the sertraline group and 11.4 (SD=3.8) for the placebo group.
Patient Disposition
Thirty-six patients withdrew from treatment during the study; 74% of the sertraline-treated patients (N= 59) and 83% of the placebo-treated patients (N=73) completed the full 12 weeks of double-blind treatment. The most frequent reason for discontinuation of sertraline treatment was adverse experiences; 9% of the sertraline-treated patients (N=7) stopped taking the medication because of adverse experiences, in comparison to 1% of the placebo-treated patients (N=1). In the placebo group, insufficient clinical response was the most common reason for discontinuation; 7% of the placebo-treated patients (N=6) and 1% of the sertraline-treated patients (N=1) stopped treatment because of lack of efficacy.
Dose
The mean duration of therapy was 58.2 days (SD= 23.2) for the sertraline group and 64.2 days (SD=18.3) for the placebo-treated group. At endpoint, the mean dose received by the sertraline-treated patients was 126 mg/day (SD=62). By week 4, all of the sertralinetreated patients were taking at least 50 mg/day.
Efficacy
Number of attacks. The study's primary efficacy measure was the number of panic attacks per week, derived from the Panic and Anticipatory Anxiety Scale. The mean change from baseline in the number of panic attacks per week is presented in figure 1 . At endpoint, the average percentage decrease from baseline in number of panic attacks was 77% for the sertraline-treated patients and 51% for the placebo-treated patients. Among the study completers, the corresponding decreases in panic attacks were 88% in the sertraline group and 53% in the placebo group. The reduction in panic attack frequency at endpoint was significantly greater in the sertraline group than the placebo group (F=4.89, df=1, 145, p=0.03), and significantly more sertraline-treated patients (62%, N=49) than placebotreated patients (46%, N=40) were free of panic attacks at endpoint (Fisher's exact test, p=0.04).
The mean change from baseline in the number of limited-symptom attacks per week is presented in figure 2 . The mean number of limited-symptom attacks per week decreased by 5.9 (SD=8.8) in the sertraline group and 2.4 (SD=7.0) in the placebo group; the reduction in limited-symptom attacks at endpoint was significantly greater in the sertraline group than in the placebo group (F=6.08, df=1, 145, p=0.02) .
Anxiety. The level of anticipatory anxiety decreased in both the sertraline-and placebo-treated patients as the study progressed. Although the percentage of time spent worrying about having a panic attack was lower at endpoint in the sertraline group (median=4.4%, interquartile range=0.0%-20.3%) than in the placebo group (median=10.3%, interquartile range=1.3%-26.8%), the reductions in anticipatory anxiety from SERTRALINE IN PANIC DISORDER baseline were not statistically different in the two groups (F=2.16, df=1, 145, p=0.14).
From baseline to endpoint, the scores on the Multicenter Panic Anxiety Scale decreased more in the sertraline group (mean decrease=6.6, SD=5.5) than in the placebo group (mean=4.9, SD=5.2), but the reductions in the two groups were not statistically different (F= 4.30, df=1, 145, p=0.04).
At endpoint the sertraline-treated patients showed more improvement than the placebo-treated patients on the Hamilton Anxiety Rating Scale, but the reductions of the two groups were not statistically different (F=4.71, df=1, 145, p=0.03) .
Clinical Global Impression. Investigator assessments of the patients with the CGI were consistent with the improvement found on other measures. Both the CGI severity and global improvement scores revealed significantly greater improvement at endpoint in the patients treated with sertraline than in the placebotreated patients (severity: F=13.35, df=1, 145, p< 0.001; improvement: F=15.83, df=1, 146, p<0.001). On the CGI improvement subscale for panic attacks, the sertraline-treated patients showed significantly more improvement than did the patients taking placebo (F=14.27, df=1, 146, p<0.001). The sertralinetreated patients also showed more improvement than the placebo-treated patients on the other four CGI subscales, but the differences between treatment groups did not reach statistical significance (anticipatory anxiety: F=4.81, df=1, 146, p=0.03; phobic avoidance: F=4.50, df=1, 146, p=0.04; social/family functioning: F=5.75, df=1, 146, p=0.02; occupational functioning: F=4.12, df=1, 146, p=0.04).
In the patient ratings of improvement, the patients taking sertraline showed significantly more improvement than the patients taking placebo at endpoint (F= 22.35, df=1, 146, p<0.001) and at all study visits from week 3 onward.
Quality of life. Patients in both the sertraline and placebo groups rated the quality of their lives as better after treatment; the patients taking sertraline had significantly higher ratings than did the placebo-treated patients on the total Quality of Life Enjoyment and Satisfaction Questionnaire (F=7.94, df=1, 125, p= 0.006). The sertraline-treated patients also had significantly greater improvement, between baseline and endpoint, in their satisfaction with their drug therapy than did the placebo-treated patients (F=15.54, df=1, 123, p<0.001).
Safety
Vital signs, ECG, laboratory tests. There were no significant differences between the sertraline-and placebo-treated patients in change from baseline to final visit in pulse or blood pressure; the patients taking ser- POHL, WOLKOW, AND CLARY traline lost a mean of 2.41 lb (SD=5.54) during this interval, while the patients taking placebo gained 0.04 lb (SD=3.69) (difference between groups: Wilcoxon z= -2.99, N=167, p=0.003). No clinically significant ECG abnormalities occurred during the study. The sertraline-and placebo-treated patients did not differ in the incidence of clinically significant laboratory test abnormalities. No patients were eliminated from the study because of abnormalities in laboratory test results or vital signs. Adverse experiences. Although adverse events were infrequent overall, a higher percentage of sertralinetreated patients (9%, N=7) than placebo-treated patients (1%, N=1) discontinued treatment because of adverse experiences (Fisher's exact test, p=0.03). Only two sertraline patients discontinued treatment because of adverse experiences during the first week of doubleblind treatment, while receiving the 25-mg/day titration dose.
Adverse experiences were reported by 93% of the sertraline-treated patients (N=74) and 94% of the placebo-treated patients (N=83). Five adverse experiences occurred more frequently in the sertraline-treated patients than in the placebo-treated patients. The incidence rates for these adverse experiences in the sertraline and placebo groups are shown in table 1. These adverse experiences are similar to those previously reported in patients with depression or obsessivecompulsive disorder who were treated with sertraline. The vast majority of adverse experiences in each treatment group were mild or moderate in severity. The only adverse event (exacerbation of asthma secondary to inhalation of paint fumes) during the study that was deemed to be serious (e.g., life threatening or resulting in hospitalization) occurred in a patient taking placebo.
DISCUSSION
The NIMH consensus conference on the treatment of panic disorder (23) stressed that adequate determination of the efficacy of any treatment for panic re- quires that outcome be assessed in the following key clinical dimensions of the disorder: major and limitedsymptom panic attacks, phobic avoidance, nonpanic anxiety, functional impairment, and quality of life. The results of the current study provide strong evidence that sertraline is a well-tolerated and highly effective treatment that achieves improvement in most measures of these key clinical aspects of panic disorder. In addition, the reduction from baseline in mean panic attack frequency at endpoint with sertraline in the current study (approximately 80%) was similar to that for alprazolam in the phase I cross-national alprazolam panic studies (70%) (24) .
Time Course of Improvement
Benzodiazepines demonstrate significantly greater efficacy on most measures than placebo after 1-2 weeks (24-26); tricyclics do so after 3-4 weeks (4). In the current study sertraline demonstrated significant efficacy somewhat sooner than has been reported for the tricyclics-by week 3 for the primary outcome measure of major panic attacks. By week 2, 61% of the patients had achieved a 50% reduction in the weekly number of panic attacks. In the sertraline treatment group there was no attrition in the first 3 weeks because of lack of efficacy, suggesting that, despite the initial severity of the disorder in this patient group and the high level of medical help seeking among panic patients in general, the improvement was sufficiently rapid.
High rates of response to placebo are frequently found in panic treatment studies, around 50% according to a recent review (27) . This makes it especially difficult to demonstrate efficacy in short-term treatment studies of panic disorder. The 46% placebo response observed at endpoint in the current study is consistent with this finding. At least one naturalistic follow-up of placebo responders in a panic disorder treatment trial (28) demonstrated that most of these patients eventually begin medication treatment. This is consistent with the recurrent course of panic disorder (29) .
Tolerability of Sertraline
Overall, the patients tolerated sertraline well; only 9% dropped out of treatment because of side effects. The side effects of sertraline in this study were similar to those reported in studies of sertraline for depression and obsessive-compulsive disorder. A clinically relevant complication frequently reported during treatment of panic disorder with antidepressants is a jitteriness syndrome, consisting of adrenergic symptoms such as nervousness, sweating, and tremor (2). The jitteriness syndrome has been observed to occur in the first 2-3 weeks of treatment with both tricyclics (2, 3) and fluoxetine (30) , and it may lead to medication discontinuation.
In the current study, the patients taking sertraline did not report the presence of a jitteriness syndrome during the initial 3 weeks of treatment, and only two sertraline-treated patients discontinued treatment because of any adverse experiences during the first week of treatment, neither of which was compatible with jitteriness. The absence of a jitteriness syndrome in our patients may have been due to the use of a low starting dose (25 mg/day) in our study during the initial week of treatment.
In conclusion, sertraline appears to be a safe, welltolerated, and highly effective treatment for panic disorder. Therapeutic response occurs relatively rapidly and without notable risk of jitteriness with a 25-mg starting dose. The effective dose appears to be in the range of 50-200 mg/day. Sertraline treatment resulted in significant reductions in symptom severity in many clinically relevant dimensions of panic, including quality of life.
